In vitro somaclonal variation via callus is considered as one of the most effective tool for improvement of vegetative propagated crops. Different combinations of cytokinine (BA) and auxine
(NAA) were used to induce somaclonal variation from leaf explants of the Egyptian geranium cultivar, Pelargonium graveolens L'Herit, Ait. El Qanater El khayria cv.8. Callus induction and regenerated shoots from callus were evaluated; 2.5 mg/L BA and 0.5 mg/L NAA was the optimal for callus induction and number of regenerated shoots. The obtained plantlets were acclimatized under glasshouse conditions with 80% to 90% survival and were transferred to the open field. The evaluation of growth traits and oil analysis were done for the new 13 clones compared with the mother plant in randomized block design for two successive seasons. Characterization of these new clones for morphological traits and essential oil yield and quality demonstrated the induction of variability in negative and positive directions in some characteristics in comparison with the mother plant. Clone no.7 was the superior clone in herb 2264.7 & 2357.3 g/plant and oil yield 2.436 & 3.065 ml/plant in first and second season, respectively, than the mother plant and other new clones with acceptable content of citronellol 25.63% and geraniol 26.52% as a parameter for volatile oil quality.
The genetic variation of the new geranium clones were tested using SRAP technique based on PCR, the polymorphism was detected using 16 pairs of SRAP primers in combinations as forward and reverse. The genetic differences between new clones and the mother plant were ascertained with SRAP primer pair (me2 em4); a unique profile for clone no.7 was detected in SRAP analysis. The similarity percentage varied between 66.7% to 100% homologies among the new clones and their mother plant. The presence of genetic variation between new clones and the mother plant proved that the calliclones were somaclonal mutants, and the geranium cultivar, El Qanater El khayria cv.8, was improved for high yield in herb and essential oil.
INTRODUCTION
Geranium; Pelargonium graveolens L'Herit, Ait. is one of the important medicinal and aromatic plants in Egypt, which belongs to family Geraniaceae, originated from South Africa (cape) and introduced into Egypt since 1930, (Guenther, 1961) . Geranium, Pelargonium graveolens is cultivated for distillation its oil. Geranium oil is considered one of the most important essential oil that is for its rose like odor which is commercially used in high-grade soaps, cosmetics and perfumes (Gulati, 1960; Lawrence, 1984; Narayana et al 1986) . Geranium is cultivated in many Egyptian governorates mainly Beni Swiaf as well as El-Gharbia, El-Qalubeya, El-Fayoum and Giza. According to the Ministry of Agriculture (2015), the cultivated area reached to Rasha Hariedy, Rashed and Mahassen Sidky AUJAS, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019 4837 feds, geranium productivity is tending to decrease, recording about 21.75 tons fresh herb/fed instead of 30-35 ton fresh herb/fed. However, this decrement which is due to some constraints including lack of new geranium varieties and cultivars of high productivity of herb and essential oil, Egyptian geranium essential oil still have a good quality and priority in the global market. The main constituents of geranium oil are citronellol, geraniol, isomenthone, citronellyl formate and geranyle formate (Weiss, 1997) . The geranium oil quality is mainly determined by total alcohol content and the ratio of citronellol and geraniol (Rajeswara et al 1989). Egyptian oil have relatively low levels of citronellol and its esters, much higher levels of geraniol, geranyle esters and linalool when compared with the Chinese oil (Teisseire, 1987). Jalali -Heravi et al (2006) indicated that, Geranium oil production needs to be increased because geranium oil uses are expanding owing to its aromatic property and its biological activities.
Geranium plants are vegetativley propagated through stem cuttings since conventional breeding to improve this important crop is very much hampered due to its high degree of male and female sterility (Kubba and Tilney -Basset, 1981). The development of suitable cultivars to meet the production challenges is difficult due to narrow genetic base and sterility of geranium (Gupta et al 2002) . Some studies are going to use tissue culture technique to produce new geranium clones via somaclonal variation which offers an opportunity to discover the natural variability for new product development (Evans and Sharp, 1986) . The somaclonal variation has proved to be an effective tool to release variability without the deleterious genetic changes which happened through the whole-plant regeneration process (Dunbar, 1997 , Evans, 1989 and Veilleux & Johnson, 1998 So; the present work aimed to generate new geranium clones with high herb and essential oil overall production using tissue culture technique. In addition to detect the somaclonal variation and the related genetic markers for further selection and thus, genetic improvement of the cultivated geranium in Egypt El Qanater El khayria cv.8.
MATERIALS AND METHODS
This study investigated the possibilities of improving geranium (Pelargonium graveolens L'Herit, Ait.) via somaclonal variation aiming to produce new clones have good characteristics in herb and essential oil. It was carried out in plant tissue culture laboratory, Dokki, Giza and in the Experimental Farm of Medicinal and Aromatic Plants, El Qanater El kharyia of Horticulture Research Institute (HRI), Agriculture Research center (ARC). The molecular study was carried out in Molecular biology laboratory, Genetics Department of Faculty of Agriculture, Ain Shams University, Egypt during the period from 2015 -2018.
Plant material
Egyptian geranium cultivar namely; El Qanater El khayria cv.8 was used in this study as a mother plant, which grown in the Experimental Farm of Medicinal and Aromatic Plants in El Qanater El kharyia; HRI and characterized by high yield of herb and essential oil (Harridy et al 1998).
Methods

Somaclonal variation induction via callus from leaf explants
Young leaves were collected from the terminal tip of in vivo geranium mother plant cv.8. The leaf Development of in vitro somaclonal variation for Pelargonium graveolens L'Herit, Ait AUJAS, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019 565 explants were washed under running tap water and sterilized by immersing in sodium hypochlorite 30% with two drops of tween 20 (emulsifier) for 30 minutes, then rinsed three times in a sterile distilled water. A 4.43 g/l MS medium (Murashige and Skoog, 1962) with 3% sucrose and 8 g/l agar as solidifying agent was supplemented by different concentrations between growth regulators, benzyle adenine (BA) as cytokinins (0.0 ٬1.5 ٬ 2.5 ٬ 3 5 or 4 5 mg l n n phth line etic acid (NAA) as auxins (0.0 ٬ 0.5 ٬ 1 5 or 2 5 mg l pH j ted to 5.8 by 1M of NaOH and HCL. The medium to l ve t 121˚ for 20 min te Three explants / jar were cultured and incubated for 6-8
eek t 25± 2˚ ith 16 / 8 hr photoperio to induce callus formation. Data were recorded as frequency percentage of callus formation, callus density, callus texture (friable or compact), callus color, number of regenerated shoot on callus/leaf explant and cluster weight (gm). Statistical analyses were done and the means of the studied characters were compared to the control using LSD according to Snedecor (1980) .
In vitro micropropagation for geranium regenerated shoots
The produced indirect shoots which formed via callus from leaf explants were subcultured on MS medium supplemented with the suitable growth regulators (0.05 BA mg/l with 0.05 NAA mg/l) to encourage shooting growth, then the produced plantlets were subcultured on the suitable medium for rooting growth (half strength MS with 0.1 NAA mg/l) as established in preliminary steps according to Gupta et al (2002) for rooting.
Acclimatization and transfer to open field
The acclimatization of the produced plantlets was done with all good conditions. The plantlets kept to grow for 4-6 weeks, and they were transferred to the open field in the Experimental farm of Medicinal and Aromatic Plants Research Department in El Qanater El Khayria. The healthy-looking survived plants were codely numbered from 1 to 13 and were considered as new cultivars under evaluation) in a comparative with the mother plant number 14. All good agriculture practices were done till these new geranium plants attained suitable growth and produced mature cuttings in order to use them in the present study.
Evaluation in the open field
Cuttings were prepared from the 13 coded plants and from the mother plant no.14, and were planted at 10 November during two successive seasons of 2015 / 2016 and 2016 / 2017. The Experiment was designed in complete randomized blocks with three replicates, plants were harvested twice, the first one was conducted at the end of May (when more than 50 % of plants were flowered) and the second one at the middle of October in the two seasons. Data were taken on growth characters in term of plant height, branches number, fresh and dry weights for each cultivar in two cuts. Also, oil percentage (fresh and dry weight basis) was determined by hydro-distillation according to British pharmacopeia (B.P.) (1963). And oil samples were GLC analyzed according to Egyptian pharmacopeia (E.P.) (2005) to evaluate oil composition. Statistical analyses were done and the means of the clones were compared to the mother plant (control) according to Duncan (1995).
Test for genetic variation using SRAP technique
Sequence-related amplified polymorphism (SRAP) technique according to Li and Quaros (2001) was used for identification of genetic variation and DNA fingerprint for new clones of geranium in comparison with the mother plant.
For SRAP-PCR analysis, total genomic DNA was extracted from young leaves for the14 geranium plants according to Cetyl Trimethyl Ammonium Bromide (CTAB) extraction method Maroof et al 1984). The extraction buffer consisted of Tris buffer 100 (mM, pH 8.0), Ethylene Diamine Tetra Acetic acid Di-sodium salt (EDTA), 25 mM, pH 8.0) NaCl (1.4 M), 2.5% CTAB (V:W) pH 8.0, 1% polyvinyl pyrrolidone (PVP-40 n 2% βmercaptoethanol (v:v). All were adjusted to pH 5.0 with HCL and volume was adjusted to 100 ml with H2O.
DNA quality was confirmed by electrophoresis in 1% agarose gel, presence of a highly resolved high molecular weight band indicates good quality DNA. DNA quantity was estimated for the 14 mple by ing Q nt ™ Fl orometer oper ting manual.
SRAP primer pairs in Table ( 1) and a16 available combinations in Table ( 2) used as forward and reverse primers, SRAP protocol and SRAP primer sequences followed the method established by Li and Quiros (2001).
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The primer combinations were tested on only two samples of the DNA from the 14 plants as a trials aiming to test the primer pairs combinations performance with the DNA samples, which gave a polymorphism. The primer pairs were selected from the primers combinations according to their performance and polymorphism and were done on the 13 samples of new clones in a comparison with the mother plant no.14 for testing genetic variation and genetic relationship. PCR (polymerase chain reaction) was carried out in 25 μl reaction volume tubes, containing 4.0 μl Buffer (5X), 2.0 μl Template (25 ng of plant genomic DNA), 2.0 μl MgCl2 (25 mM), 0.4 μl dNTPs (2.5 mM),1+1 μl Primer (10 pmol), 0.2 μl Tag DNA polymerase and 9.4 μl H2O (d.w). Amplification was carried out in DNA thermal cycler (techne 512), The first five cycles were run at 94°C, 1 min, 35°C, 1 min, and 72°C, 1 min, for denaturing, annealing and extension, respectively. Then the annealing temperature is raised to 50°C for another 35 cycles then at 72°C for 7 min.
Primer codes and sequences
The PCR products were loaded in 2% agarose gel, dissolved in a 50 mL of 1 x TBE buffer and were electrophorased. The separation was performe in Ph rm i nit (20 m х 20 m n the voltage was adjusted to 80 V. The gels were photographed after the run was ended using Bio-Rad Gel Doc 2000 apparatus. All the gels were analyzed using gel analyzer program, and the different fragment sizes were scored in a binary data (1 if the band is present and 0 if it is absent). Bands with the same size were scored as a line according to the size of the DNA ladder (100 bp).
RESULTS AND DISCUSSION
Induction of somaclonal variation via callus from leaf explants
The present study demonstrated that, the leaf explants of geranium, Pelargonium graveolens El Qunater El Khayria cv.8 was highly responsive to in vitro callus induction and formation. Dunbar and Stephen (1989) earlier reported this result in some Pelargonium species and Lakshmana (1994) in some cultivars of P.graveolens. These results showed that all concentrations of solo BA and solo NAA were not effective to callus induction as shown in Table ( 3). All combinations of BA and NAA used for callus induction were found to be effective at the tested concentrations. Therefore, regenerated shoots were directly developed from callus on leaf explants after 4-6 weeks of culturing as shown in Table ( 3). There was a 100% frequency of callus formation with density of callus varied from 33% to 84% of the leaf explants at various combinations, while the friable formed callus, semi friable, green and white creamy in color was highly regenerated to shoots. Lower amount of compact white creamy callus was formed on the two media at the highest tested concentration of BA (3.5 & 4.5 mg/l) and NAA (2.5 mg/l) without formed shoots on callus as shown in Table ( 3). The shoot regeneration response could be recorded at all combinations levels among BA and NAA. As shown in Table (4) and Fig. (1) , the highest number of regenerated shoots was noticed on media containing 0.5 mg NAA in combination with various levels of BA (1.5, 2.5 and 3.5 mg/l). A maximum average for number of regenerated shoots (33.33 shoot/callus) formed on leaf explants was recorded on medium containing 2.5 mg/l BA and 0.5 mg/l NAA with high percent 70% of callus den-sity. The lowest number of regenerated shoots was recorded on media containing 2.5 mg/l BA and 1.5 mg/l NAA. However, this combination showed a 64% of callus density on leaf explants.
It was observed that, the reduction of the concentration levels of NAA led to decrease the number of regenerated shoots from callus per leaf explants at various levels of BA. The increasing on the number of regenerated shoots may develop variants between these regenerated shoots from callus Table (4) and Fig. (1) . These observations were similar to those reported by Gupta et al (2002) . In contrast, increased the levels of NAA to 1.5 and 2.5 mg /l led to reduction in the average of regenerated shoots number at all levels of BA as shown in Table ( 
4).
The healthy shoots were formed on media containing 2.5 mg/l BA and 0.5 mg/l NAA with the maximum number of regenerated shoots from callus on leaf explants and the other one containing the same level of BA and NAA but with low average of regenerated shoots. The regenerated shoots formed on media containing 4.5 mg/l BA in combination with 1.5 mg/l NAA and 1.5 mg/l BA with 2.5 mg/l NAA were malformed and vitrified. It was demonstrated that, the different levels of BA on media were effective for shoot regeneration from callus except those two high levels of BA (3.5 and 4.5 mg/l) which showed ineffective responses to shoot regeneration at the same level of NAA (2.5 mg/l), while the lower levels of BA (1.5 and 2.5 mg/l) showed effective responses in shoot regeneration from callus but with low average in the number of shoots as shown in Table (4) and Fig.  (1) . These results were confirmed by Gupta et al (2002) when indicated that different levels of cytokinins were effective for in vitro regenerated shoots from callus of some geranium species and by Qureshi and Saxena (1992) indicated in floricultural geranium that the combinations of BA with some auxines were effective for optimal shoot regeneration. Brown and Charlwood (1986) and Saxena et al (2000) also found that some other cytokinines (kinetin, zeatine and 2iP) were effective for optimum level of regeneration response from callus cultures.
Shooting and rooting growth for regenerated calliclones
The in vitro regenerated shoots were subcultured on MS medium supplemented with 0.05 mg/l BA and 0.05 mg/l NAA to attain suitable shoot growth and multiplication in order to subculture them on the suitable medium for rooting growth. The formation of roots succeeded and suitable number of roots were formed on half strength of MS medium supplemented with 0.1 mg/l NAA according to Gupta et al (2002) .
Plantlets with expanded leaves and well developed roots were acclimatized with records of 80% to 90% for survival. The healthy-looking plantlets were transferred to the open field. Thirteen individual plantlets of geranium calliclones were kept to attain suitable growth and produced mature cuttings in order to evaluate them in a comparative study with the mother plant under the field conditions.
Evaluation of Geranium calliclones under open field conditions
The new geranium clones under evaluation were compared with the mother plant by culturing their cuttings at the same time and in the same field. The evaluation of two cuts/year during two successive seasons included growth traits such as plant height, branches number and total fresh & dry weights as well as oil analysis; oil percentage based on fresh weight, oil percentage based on dry weight, oil yield/plant and oil constituents.
Growth traits
It was clearly observed in Tables (5 and 6) for plant height trait all over the cloned production during the two seasons that clone no.4 recorded the highest value followed by clone no.7 then clone no.3, while clones no.11 and 12 had the lowest values compared with the mother plant (no.14). Branches number showed that clones no.7 and 4 attained the highest values followed by clones no.13 and 6, while the lowest values for this trait were for clones no.9, 10, 11 and 12. Concerning the fresh and dry weight traits of geranium clones, clone no.7 recorded the highest significant differences in total fresh weight of herb for the first (2264.7 gm) and second (2357.3 gm) seasons. While the lowest total fresh weights were for clones no.9 and no.11 Fig. (2) . Also clone no.7 recorded the highest value in total dry weight as shown in the first (626.6 gm) and second (650.99 gm) seasons. 
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Volatile oil and oil yield traits
Data presented in Tables (7 & 8) and Fig. (3) showed that clone no.7 produced the highest volatile oil content based on fresh weight basis in the first cut of the first season. However, some clones (no.3, 4, 6 and 13) as well as the mother plant (no.14) recorded the highest significant values for oil content based on fresh weight during the two seasons in comparison with the superior clone no.7. Clone no.7 recorded the highest traits values of all over the cloned production. As for oil yield traits, clone no.7 recorded the highest values for all cuts during the two seasons (Fig. 4) with high significant differences when compared with the other clones and with the mother plant. It achieved superior values among all over the cloned production as shown in Fig. (4) , while the lowest values were recorded for clones no.9, 11 and 12. Concerning the oil content based on dry weight of the new clones, it was observed from data in Tables (7 & 8) that clones no.7 and 10 recorded high significant values without significant differences compared with the mother plant in the two seasons followed by clones (no.3, 6 and 13), which also recorded significant content all over the cloned production in this trait. 
Oil composition of new geranium clones
The gas liquid chromatograms (GLC) analysis as presented in Table ( composition. The essential oil of the geranium clones contained 10 major constituents which were α-pinene, p-cymene, iso menthone, linalool, citronellyl formate, geranyl formate, citronellol, geraniol, e genol n β rophyllene The rel tive proportion of these constituents in the oil of geranium clones basically determine its quality and were found to be in harmony with the standard specification of geranium essential oil, as described by Guenther (1961) and Harridy et al (1998) . The quality of geranium oil is determined mainly by geraniol content, which varied between 26.5 -30.5% in the new clones instead of 33.22% for the mother plant. This range of geraniol content was found to be acceptable and indicate good quality of geranium clones essential oil. Also, citronellol contents showed variation from 17.25 to 28.5% instead of 21.6 % for the mother plant. It was observed as shown in Fig. (5) that, however the mother plant had essential oil with high quality according to its high content of geraniol instead of citronellol, clone no.7 which recorded superior value in oil yield all over clones' production had acceptable balance between geraniol and citronellol for oil quality. 
Genetic variation based on SRAP-PCR technique
The SRAP analysis of the DNAs of new geranium clones and their mother plant El Qanater El khayria cv.8 using 16 combinations of SRAP primers (me1, me2, me3 and me4 with em1, em2, em3 and em4) (Table 2) as forward and reverse primers were carried out in two samples to test the genetic variations among the new clones as compared to the mother plant. The results presented in Table ( 10) indicated that only five pairs of SRAP primer combinations (me4 em1, me1 em3, me2 em3, me2 em4 and me3 em4) showed polymorphism between the two selected samples. The me2 em4 primer pair was found to be more informative, which showed highly polymorphism, while the other primer combinations were not effective which showed the same pattern with the two tested samples. The me2 em4 primer pair was carried out on the DNAs of the new clones to ascertain genetic difference among them with relative to the mother plant. As seen in Fig. (6) and Table (11) , the used SRAP primer could differentiated among the clones and the mother plant, Fourteen fragments at molecular sizes of 1289.7 bp to 97.6 bp were seen on the clones and their mother plant profile with a 42.86% of polymorphism. Eight monomorphic fragments were present in all clones and their mother plant.
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The polymorphic fragments at molecular sizes of 1289.7, 111.24, 894.3 and 471.7 bp appeared in some clones and the mother plant and absent in the others. Other fragment at molecular size of 700.7 bp was present in clones no.2 and no.3 and absent in the others and in the mother plant. While the unique fragment presented at molecular size of 97.6 bp was observed in clone no.11 which disappeared in the mother plant and the other clones. A unique profile was present in clone no.7, which all fragments at molecular sizes from 1289.7 to 700.7 bp were absent. This unique profile could differentiate this clone among the other clones and the mother plant. This result could be associated with the yield and oil traits which demonstrated that this clone was superior in these traits.
The SRAP analysis of DNAs ascertained the genetic variations among somaclones and the mother plant. It was demonstrated that, the similarity values of these new clones varied from 66.7% to 100% comparing to their mother plant. The dendrogram tree separated the 13 clones with their mother plant into two major clusters as shown in Fig. (7) . However, within the first cluster, the mother plant (no.14) and the closet related clones no.6 and 13 with a 100% of similarity value were collected together. The no.12 clone was more related to clones no.6 and 13 and their mother plant and clone no.4 was more related to clone no.3. Within the second cluster, clones no.5, 9, 10 and 11 were collected together in the first sub-cluster, while clones no.2, 7 and 8 were collected together in the second sub-cluster. While clone no.1 was the most distance one compared with the other new clones and their mother plant.
The results of dendrogram tree confirmed, by the yield and oil traits of the new clones, that the genetic variations among the new clones and their mother plant were detected and proved that the Egyptian geranium cultivar El Qunater El Khayria cv.8 was somaclonal mutated as shown in all studied traits.
Our results were confirmed by Tembe and Deodhar (2010) who differentiated and detected the genetic variation among geranium cultivars (Reunion, Bourbon and Egyptian of Pelargonium graveolens L'Herit, Ait.) using RAPD technique. Moreover, Gupta et al (2002) detected the genetic variation among in-vitro somaclones Pelargonium graveolens L'Herit, Ait. using RAPD technique and revealed a "B22" somaclone which was high yielded in herb and essential oil.
